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Background:  Oral  cancer  is  the sixth  most common  malignancy  worldwide  and  is  thus an  important  cause
of  death  and morbidity.  Although  several  drugs  have  been  developed  for the  treatment  of oral  cancer,
naturally  occurring  phytochemicals  have  been  recommended  by nutritionists  and  health  experts  to  treat
various  types of  cancer.  Pergularia  daemia  is a well-known  herb  distributed  across  India,  ﬁnding  many
uses  in medicine.
Aim: The  present  study  was  mainly  designed  to determine  the  dose–response  effect  of the  whole  plant
extract  of  P. daemia  on experimental  oral  carcinogenesis.
Materials  and  methods:  Male  golden  Syrian  hamsters  were  painted  with  0.5%  of  7,12-
dimethylbenz[a]anthracene  (DMBA)  in  liquid  parafﬁn  on  the left  buccal  pouch  to  induce  oral  cancer,
thrice  a week  for 14  weeks.  The  anticancer  effect  of  the ethyl  acetate  and  methanolic  extracts  of
P. daemia  was  observed  to be dose  dependent  (100,  200,  and  300  mg/kg  body  weight  (bwt))  by  assessing
the  bwt,  tumor  incidence,  changes  in  oxidant/antioxidant  levels,  and  histological  alterations  of control
and  experimental  animals.
Results:  Our  results  showed  that of  the  three  doses  used,  the  high  dose  (300  mg/kg  bwt)  exhibited  excel-
lent  antioxidant  activity  in comparison  to the  other  two  doses.  Moreover,  our ﬁndings  suggest  that  the
methanolic  extract  signiﬁcantly  inhibited  cancer  development  to a greater  extent  than  the  ethyl  acetate
extract.
Conclusion:  Thus,  it could  be concluded  that  the  whole  plant  of  P. daemia  presents  an  easily  accessible
source  of  natural  antioxidants,  and  regular  consumption  can  reduce  the  incidence  of oral  cancer.
© 2015  Japanese  Stomatological  Society.  Published  by  Elsevier  Ltd. All rights  reserved.. Introduction
The signiﬁcance of reactive oxygen species (ROS) and free
adicals has been increasingly studied over the past decade. These
olecules accelerate cellular injury and aging [1]. ROS are con-
inuously produced during normal physiologic events, which can
asily initiate the peroxidation of membrane lipids, leading to the
ccumulation of lipid peroxides. However, these compounds are
emoved by antioxidant defense mechanisms. In living organisms,
Abbreviations: PDEAE, Pergularia daemia ethyl acetate extract; PDME, Pergularia
aemia methanolic extract; DPPH, diphenyl picryl hydrazyl.
∗ Corresponding author at: Department of Biochemistry & Biotechnology, Annna-
alai University, Annamalainagar, Chidambaram, Tamil Nadu 608 002, India.
el.:  +91 09442424438; fax: +91 04144 238 080.
E-mail address: mirunasankar@gmail.com (S. Mirunalini).
ttp://dx.doi.org/10.1016/S1348-8643(15)00039-7
348-8643/© 2015 Japanese Stomatological Society. Published by Elsevier Ltd. All rights a balance is maintained between the generation of ROS and
inactivation of ROS by the antioxidant system. Under patholog-
ical conditions, ROS are produced in excess due to inadequate
endogenous antioxidant defense, resulting in oxidative stress. The
imbalance between ROS and antioxidant defense mechanisms
leads to life-threatening diseases, including cancer [2].
Oral cancer is the sixth most fatal malignancy, belonging to a
group of cancers commonly referred to as head and neck cancers.
In India, oral cancer accounts for 22.9% of cancer cases. This ﬁg-
ure is signiﬁcantly higher on a global scale, with >450,000 new
cases being reported annually. Oral cancer typically begins as a focal
clonal overgrowth of altered stem cells near the basement mem-
brane, expanding upward and laterally, ultimately replacing the
normal epithelium [3]. The major risk factors of oral cancer include
smoking, betel quid and Areca nut chewing, alcohol use, consump-
tion of smokeless tobacco products, and human papillomavirus
(HPV) infection. Although various treatment regimens are available
reserved.
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or oral cancer, including surgery, radiotherapy, and chemotherapy,
evere side effects are still observed [4]. Therefore, prognosis and
reatment must be performed before the cancer develops further.
Chemoprevention refers to the use of natural, synthetic, or bio-
ogical substances to reverse, suppress, or prevent the development
f cancer [5]. The chemoprotective potential of naturally occur-
ing phytochemicals in food or medicinal plants continues to be
 major area of scientiﬁc interest [6]. It is generally accepted that
he consumption of fruits and vegetables may  reduce the risk of
uman cancers [7]. Plants and plant products have long been used
n medicine especially by nonindustrialized societies [8]. In certain
frican countries, up to 90% of the population still rely on medicinal
lants for their primary health-care needs [9]. Thus, various medic-
nal plants have been studied using modern scientiﬁc approaches to
dentify various biological components of these plants. The medici-
al properties of plants can be attributed to the presence of certain
ubstances known as bioactive polyphenolic compounds, which
ay  be stored in plant parts such as roots, leaves, stem bark, fruits,
nd seeds. These compounds can trap the free radicals directly or
cavenge them through a series of coupled reactions with antioxi-
ant enzymes [10].
Pergularia daemia (Forsk) (family Asclepiadaceae) is a fetid-
melling laticiferous twiner that grows in plains of the hotter
egions of India, ascending to an altitude of 1000 m in the
imalayas. P. daemia is known as “Veliparuthi” in Tamil, “Uttar-
varuni” in Sanskrit, and “Utranajutuka” in Hindi. Traditionally,
. daemia is used as an anthelmintic, laxative, antipyretic, and
xpectorant, as well as to treat infantile diarrhea and malarial
ntermittent fevers. The excellent antifertility [11], antidiabetic
12], hepatoprotective [13], anti-inﬂammatory [14], and cardio-
ascular effects [15] of this plant have been reported in folk
nd Ayurvedic medicine. Phytochemical investigations of this
lant have demonstrated the presence of alkaloids, terpenoids,
avonoids, and steroids [16]. The curative properties of medici-
al plants can be attributed to the presence of various complex
hemical substances of different compositions, which occur as sec-
ndary metabolites. Thus, the present study aimed to investigate
he chemopreventive effect of the ethyl acetate and methanolic
xtracts obtained from the whole plant of P. daemia (Forsk) on
,12-dimethylbenz[a]anthracene (DMBA)-induced hamster buccal
ouch carcinogenesis in a dose-dependent manner.
. Materials and methods
.1. Chemicals
DMBA and other chemicals such as reduced glutathione (GSH),
educed nicotinamide adenine dinucleotide (NADH), ethyl acetate,
ethanol, and diphenyl picryl hydrazyl (DPPH) were purchased
rom Sigma–Aldrich Chemicals Pvt Ltd (Bangalore, India). All other
hemicals used were of analytical grade.
.2. Plant materials
Matured P. daemia (Forsk) was collected from the riverbank of
he Pudukkottai District, Tamil Nadu, India. The plant was identiﬁed
y Dr. V. Venkatesalu, Professor, Department of Botany, Annamalai
niversity. A voucher specimen (ACC: 196) was deposited in the
erbarium of the Department of Botany, Annamalai University.
.3. Preparation of plant extractsThe shade-dried plant materials (root, stem, leaves, ﬂower, and
arks) of P. daemia (1000 g) were subjected to size reduction to form
 coarse powder. The powdered plant material was defatted using
etroleum ether (60–80 ◦C) and then extracted with ethyl acetatence International 13 (2016) 24–31 25
and methanol using a Soxhlet apparatus for approximately 72 h at
40 ◦C. The sediment was subsequently ﬁltered with Whatman No.
1 ﬁlter paper (Whatman Ltd, Maidstone, UK). Both the ethyl acetate
and methanolic extracts of P. daemia (PDEAE and PDME) were fur-
ther concentrated under vacuum using a rotary vacuum evaporator
(Buchi R-V120, Flawil, Switzerland) at 40 ◦C, then reconstituted in a
minimum amount of dimethyl sulfoxide (DMSO), and stored at 4 ◦C
for further use [17]. The percentage yield of the ethyl acetate and
methanolic extracts were found to be 4.5% (w/w)  and 8.1% (w/w),
respectively.
2.4. In vitro antioxidant assays
2.4.1. Hydroxyl radical-scavenging assay
The incubation mixture consisted of 0.1 mL  of buffer, vary-
ing concentrations of PDEAE and PDME (100, 200, 300, 400, and
500 g/mL), 0.2 mL  of ferric chloride, 0.1 mL  of ascorbic acid, 0.1 mL
of ethylenediaminetetraacetic acid (EDTA), 0.1 mL  of H2O2, and
0.2 mL  of 2-deoxyribose. The contents were mixed thoroughly and
incubated at room temperature for 60 min; then, 1 mL  of thiobarbi-
turic acid (TBA) and 1 mL  of trichloroacetic acid (TCA) were added.
All the tubes were kept in a boiling water bath for 30 min. Ascorbic
acid was  used as a positive control for the purpose of comparison.
The absorbance of the supernatant was read using a spectropho-
tometer at 535 nm with a reagent blank containing water in place
of PDEAE and PDME. The decreased absorbance of the reaction mix-
ture indicated increased hydroxyl radical-scavenging activity. The
percentage scavenging was calculated using the following formula
[18]:
% of hydroxyl radical-scavenging activity =
{
Acontrol − Atest
Acontrol
}
×100,
where Acontrol is the absorbance of the control and Atest is the
absorbance of the sample extract/standard.
2.4.2. Superoxide anion-scavenging activity
The reaction mixture contained 1 mL  of nitro blue tetrazolium
(NBT), 1 mL  of NADH solution, and varying volumes of PDEAE and
PDME (100, 200, 300, 400, and 500 g/mL), which were mixed
thoroughly. The reaction was  initiated by the addition of 100 L
of phenazine methosulfate (PMS). Then, the reaction mixture was
incubated at 30 ◦C for 15 min. The absorbance was  measured at
560 nm in a spectrophotometer. Water was  used as the blank and
ascorbic acid was  used as a reference for comparison. The decreased
absorbance of the reaction mixture indicated increased superoxide
anion-scavenging activity. The percentage scavenging was calcu-
lated as follows [19]:
% of superoxide anion-scavenging activity
=
{
Acontrol − Atest
Acontrol
}
× 100,
where Acontrol is the absorbance of control, Atest is the absorbance
of sample extract/standard.
2.4.3. DPPH radical-scavenging assay
The reaction mixture contained 1 mL  of DPPH and varying
concentrations of PDEAE and PDME (100, 200, 300, 400, and
500 g/mL), which was made up to 3 mL  with water. The tubes were
incubated for 10 min  at 37 ◦C. The reaction was performed in a dark
room. A blue-colored chromophore was  formed, the absorbance
of which was measured at 517 nm.  Ascorbic acid was  used as the
standard for the comparison [20]:% of scavenging =
{
Acontrol − Atest
Acontrol
}
× 100,
2 ral Science International 13 (2016) 24–31
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Fig. 1. In vitro antioxidant potential of the ethyl acetate and methanolic extracts of6 V. Vaithiyanathan, S. Mirunalini / O
here Acontrol is the absorbance of the control and Atest is the
bsorbance of the sample extract/standard.
.5. Experimental animals
Male golden Syrian hamsters weighing 120–150 g were
btained from the National Institute of Nutrition, Hyderabad and
aintained at the Central Animal House, Department of Exper-
mental Medicine, Rajah Muthiah Institute of Health Sciences,
nnamalai University, Tamil Nadu, India. The entire experiment
as carried out in accordance with the guidelines of the Commit-
ee for the Purpose of Control and Supervision of Experiments on
nimals, New Delhi, India, and was approved by the Animal Ethi-
al Committee of Annamalai University (Proposal no. 647: Dated
5.09.2009). The animals were housed in polypropylene cages
47 × 34 × 20 cm3; six hamsters per cage) layered with husk, which
as renewed every 24 h, under a 12:12-h light–dark cycle at around
2 ◦C. The animals were fed a standard pelleted diet (Sai Enter-
rises, Chennai, India).
.6. Experimental design for dose ﬁxation
A total of 84 hamsters were randomized into 14 groups, with
ach group containing six animals. Group 1 animals were painted
ith liquid parafﬁn alone to serve as untreated controls. Group
 animals were painted with 0.5% of DMBA in liquid parafﬁn on
he left buccal pouch using a number 4 brush thrice a week for
4 weeks. Groups 3–5 animals were painted with 0.5% of DMBA
nd were administered PDEAE at concentrations of 100, 200, and
00 mg/kg body weight (bwt) intragastrically. Groups 6–8 animals
ere painted with 0.5% of DMBA and were administered PDME
t concentrations of 100, 200, and 300 mg/kg bwt  intragastrically.
he plant extracts were administered as pretreatment (before the
nducer was applied and until 14 weeks). Different concentrations
f PDEAE and PDME (100, 200, and 300 mg/kg bwt) were suspended
n 0.5% DMSO vehicle solution. Groups 9–14 animals only received
DEAE and PDME at concentrations of 100, 200, and 300 mg/kg bwt.
The entire experiment was terminated at the end of 14 weeks,
nd all of the animals were sacriﬁced by cervical decapitation.
lood was collected in two different tubes, one containing an anti-
oagulant for the separation of plasma and another without an
nticoagulant for the serum. The plasma, erythrocytes, and buccal
issue were collected for further biochemical analysis.
.7. Biochemical analysis
The concentration of thiobarbituric acid-reactive substances
TBARSs) in the plasma, liver, and mammary tissues was estimated
sing the method described by Niehaus and Samuelson et al. [21].
he activity of superoxide dismutase (SOD) was determined by
he method used by Kakkar et al. [22]. Catalase (CAT) activity was
ssayed using Sinha’s method [23]. The glutathione peroxidase
GPx) activity was determined by the method reported by Rotruck
t al. [24]. The GSH level was estimated by Ellman’s method [25].
he vitamin E levels were determined by the method described
y Baker et al. [26] and the vitamin C levels by Roe and Kuether’s
ethod [27].
.8. Histopathological study
For histopathological study, three animals from each group were
erfused with physiological saline, followed by formalin (10%).
he buccal tissues were excised immediately and ﬁxed in 10%
ormalin. The tissues were sliced and embedded in parafﬁn wax;
–5-m-thick sections were cut using a microtome and stained
ith hematoxylin and eosin. The specimens were evaluated underPergularia daemia. (A) Hydroxyl radical-scavenging activity of PDME and PDEAE. (B)
Superoxide anion radical-scavenging activity of PDME and PDEAE. (C) DPPH radical-
scavenging activity of PDME and PDEAE.
a light microscope. All histopathological changes were examined
by the pathologist.
2.9. Statistical description
Statistical analysis was  performed using SPSS 11.5 (SPSS, Inc.,
Chicago, IL, USA) statistical package. The data were expressed
as mean ± standard deviation (SD). One-way analysis of variance
(ANOVA) followed by Duncan’s multiple comparison method was
used to correlate the difference between the variables. Data were
considered statistically signiﬁcant if the p-value was  <0.05.
3. Results
PDEAE and PDME potentially decomposed hydroxyl radicals
(Fig. 1A). Furthermore, the methanolic extract exhibited higher
activity than the ethyl acetate extract in a dose-dependent man-
ner (100, 200, 300, 400, and 500 g/mL). The IC50 values of PDEAE
and PDME were found to be 375.94 and 328.95 g/mL, respectively.
V. Vaithiyanathan, S. Mirunalini / Oral Science International 13 (2016) 24–31 27
Table  1
Effect of PDEAE and PDME on body weight changes in control and experimental animals.
S. no Group Initial weight (g) Final weight (g) Net wt gain (g)
1. Control 130 ± 9.23a 175 ± 17.41a 45 ± 8.18a
2. DMBA alone 130 ± 11.32a 140 ± 15.78b 10 ± 4.46b
3. DMBA + PDEAE (100 mg/kg bwt) 120 ± 12.43a 153 ± 13.59bc 33 ± 1.16c
4. DMBA + PDEAE (200 mg/kg bwt) 125 ± 10.92a 155 ± 15.08bc 30 ± 4.16c
5. DMBA + PDEAE (300 mg/kg bwt) 122 ± 12.77a 160 ± 16.39c 38 ± 3.62d
6. DMBA + PDME (100 mg/kg bwt) 130 ± 14.29a 155 ± 16.15bc 25 ± 1.86e
7. DMBA + PDME (200 mg/kg bwt) 125 ± 11.3a 160 ± 15.2c 35 ± 3.9d
8. DMBA + PDME (300 mg/kg bwt) 120 ± 10.68a 165 ± 13.96a 45 ± 3.27a
9. PDEAE alone (300 mg/kg bwt) 130 ± 12.53a 170 ± 18.76a 40 ± 6.23a
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+10. PDME alone (300 mg/kg bwt) 130
he values were given as mean ± SD of six experiments in each group (ANOVA follow
f  <0.05.
he results of the superoxide anion-scavenging activity are shown
n Fig. 1B. The activity was compared with standard ascorbic acid.
DEAE and PDME exerted increasingly inhibitory effects on super-
xide anion radicals at different doses.
The mean values across the concentration range indicate the
reater potent scavenging activity of methanolic extracts of P.
aemia against DPPH radicals than of the ethyl acetate extract
Fig. 1C). The methanolic extract of P. daemia exhibited a signiﬁcant
ose-dependent inhibition of DPPH activity with 50% inhibition
IC50) at a concentration of 290.69 g/mL. The IC50 value of the
thyl acetate extract was 328.95 g/mL and that of standard ascor-
ic acid was 264.55 g/mL. The results showed that the methanolic
xtract exhibited greater DPPH radical-scavenging activity than the
thyl acetate extract.
Table 1 depicts the bwt changes observed in the control and
xperimental hamsters. Severe bwt  reduction was  observed in the
MBA-treated animals (Group 2); however, the changes in the
nal bwt changes were signiﬁcantly higher in animals treated with
00 mg/kg of PDEAE and PDME (Groups 5 and 8) than in those
reated with the other two doses. No signiﬁcant change was  noted
n animals treated with PDEAE and PDME alone (Groups 9 and 10).
The incidence, burden, and volume of the tumor were mea-
ure in the control and experimental animals (Table 2). Hamsters
ainted with DMBA alone (Group 2) showed 100% tumor formation
ith a mean tumor volume of 33.04 ± 2.65 cm3 and a tumor bur-
en of 137.67 ± 11.59 cm3, whereas animals orally administered
00 mg/kg bwt of PDEAE and PDME (Groups 5 and 8) showed sig-
iﬁcantly reduced incidence, volume, and burden of tumor than
hose treated with the other two doses. No tumor incidence was
bserved in the control animals (Group 1) as well as those treated
ith PDEAE and PDME alone (Groups 9 and 10).
Fig. 2 shows the histopathological features of the control and
xperimental animals in each group. Various histopathological
able 2
ffect of PDEAE and PDME on tumor incidence, volume, and burden of control and experi
S. no Groups Animals with
tumor
Tumor
incidence (%)
1. Control 0/6 (0) – 
2.  DMBA alone 6/6 (25) 100 
3.  DMBA + PDEAE (100 mg/kg bwt) 5/6 (20) 83.3 
4.  DMBA + PDEAE (200 mg/kg bwt) 4/6 (15) 67 
5. DMBA + PDEAE (300 mg/kg bwt) 2/6 (5) 33 
6.  DMBA + PDME (100 mg/kg bwt) 5/6 (11) 83.3 
7.  DMBA + PDME (200 mg/kg bwt) 3/6 (9) 50 
8.  DMBA + PDME (300 mg/kg bwt) 2/6 (5) 33 
9.  PDEAE (300 mg/kg bwt) 0/6 (0) – 
10.  PDME (300 mg/kg bwt) 0/6 (0) – 
alues are expressed as mean ± SD for six rats in each group. Values that do not share a co
as  measured using the formula V = 4/3 (D1/2) (D2/2) (D3/2), where D1, D2, and D3 are th
he  formula tumor volume × total number of tumors/number of animals. () indicates the 
++,  Severe; ++, moderate; +, mild; SCC, squamous cell carcinoma..76 168 ± 16.72 38 ± 2.96
RT). Values that do not share common superscripts differ signiﬁcantly at a p-value
changes (sever hyperplasia, dysplasia, and squamous cell car-
cinoma) were observed in hamsters painted with DMBA  alone
(Group 2). Mild to moderate preneoplastic lesions were noted in
animals of Groups 5 and 8 (DMBA + PDEAE and PDME (300 mg/kg
bwt)). Fig. 3 displays the histopathological changes in the liver of
control and experimental hamsters. Normal liver architecture was
observed in control animals, whereas the liver cells were dislocated
and damaged in those treated with DMBA alone. The liver architec-
ture was  rearranged in hamsters treated with PDEAE and PDME
(300 mg/kg bwt).
The levels of TBARS and the antioxidant status in the plasma and
erythrocytes of the control and experimental groups are shown in
Tables 3 and 4. The concentration of TBARS was  increased, whereas
the activities of enzymatic antioxidants (SOD, CAT, and GPx) and
nonenzymatic antioxidants (GSH, vitamin E, and vitamin C) were
signiﬁcantly decreased in Group 2 (DMBA alone), compared with
the control animals. Oral administration of PDEAE and PDME at a
dose of 300 mg/kg bwt  signiﬁcantly reduced the levels of TBARS
and improved the antioxidant status in DMBA-treated hamsters
compared with the other two doses. Hamsters treated with PDEAE
and PDME alone showed no signiﬁcant change in the TBARS level
and antioxidant status, compared with the control animals.
Table 5 indicates the TBARS concentration and antioxidant sta-
tus in the buccal mucosa of all animal groups. Decreased TBARS
concentration and altered antioxidant status (GSH and GPx were
increased; SOD and CAT were decreased) were observed in the
cancer-afﬂicted animals (Group 2) compared with the controls
(Group 1). However, oral administration of PDEAE and PDME at
a dose of 300 mg/kg bwt (Groups 5 and 8) reverted the concentra-
tion of TBARS and antioxidants to the near-normal range. Hamsters
treated with PDEAE and PDME alone (Groups 9–14) showed no
signiﬁcant difference in the TBARS level and antioxidant status,
compared with control animals.
mental animals.
Tumor volume
(cm3)
Tumor burden
(cm3)
Hyperplasia Dysplasia SCC
– – − − −
33.04 ± 2.65a 137.67 ± 11.59a +++ +++ +++
14.85 ± 1.17b 49.5 ± 3.86b ++ +++ +++
11.93 ± 0.95c 29.82 ± 2.7c ++ ++ +
8.79 ± 0.73d 7.33 ± 0.64d + + −
11.69 ± 1.52c 21.43 ± 1.51c + ++ ++
9.09 ± 0.69d 13.64 ± 1.63d + + +
5.53 ± 0.41e 4.6 ± 0.38e + + −
– –
– –
mmon superscript differ signiﬁcantly at a p-value of < 0.05 (DMRT). Tumor volume
e three diameters (in centimeters) of the tumor. Tumor burden was calculated by
total number of tumors.
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E-trea
4
s
c
aFig. 2. Histopathological alterations of PDEAE and PDM
. Discussion
Oral cancer is one of the few types of human cancer that can be
igniﬁcantly prevented. The incidence and mortality rates of oral
ancer vary widely worldwide, but the highest rates are reported
nnually by developing countries, particularly from India. Radicals
Fig. 3. Histopathological alterations of PDEAE and PDMEted buccal pouch of control and experimental animals.
are highly reactive and consequently short lived. They can cause
strand breakage of DNA, followed by carcinogenesis, mutagenesis,
and cytotoxicity [28]. The phytoconstituents of P. daemia can effec-
tively scavenge hydroxyl radicals. DPPH is a violet-colored, stable,
nitrogen-centered free radical that can turn deep purple in color
in methanol solution. The underlying principle of this assay is the
-treated liver of control and experimental animals.
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Table  3
Effect of PDEAE and PDME on plasma TBARS level and antioxidant status in control and experimental animals.
S. no Groups TBARS
nmol/mL
SOD
U*/mL
CAT
U**/mL
GPX
U***/mL
GSH
mg/dL
Vitamin E
mg/dL
Vitamin C
mg/dL
11. Control 1.05 ± 0.08a 3.50 ± 0.19a 1.57 ± 0.14a 89.71 ± 7.38a 25.19 ± 2.43a 2.99 ± 0.26a 1.85 ± 0.13a
12. DMBA alone 6.65 ± 0.48b 0.95 ± 0.06b 0.33 ± 0.02b 31.59 ± 2.9b 5.32 ± 0.33b 0.34 ± 0.02b 0.49 ± 0.02b
13. DMBA + PDEAE (100 mg/kg bwt) 5.78 ± 0.43c 1.52 ± 0.12c 0.47 ± 0.03c 46.67 ± 3.4c 9.81 ± 0.69c 0.7 ± 0.06c 0.75 ± 0.06c
14. DMBA + PDEAE (200 mg/kg bwt) 5.21 ± 0.56d 2.01 ± 0.15d 0.66 ± 0.04d 57.43 ± 4.68d 12.31 ± 0.79d 0.91 ± 0.07c 1.03 ± 0.08d
15. DMBA + PDEAE (300 mg/kg bwt) 4.38 ± 0.52e 2.31 ± 0.27e 0.91 ± 0.07e 67.63 ± 3.59e 15.81 ± 1.45e 1.15 ± 0.08ed 1.35 ± 0.12e
16. DMBA + PDME (100 mg/kg bwt) 5.31 ± 0.64d 1.95 ± 0.17d 0.65 ± 0.06d 56.12 ± 4.78d 11.39 ± 0.8dc 0.93 ± 0.07dc 0.93 ± 0.08d
17. DMBA + PDME (200 mg/kg bwt) 4.71 ± 0.32e 2.47 ± 0.23e 0.86 ± 0.08e 68.51 ± 4.45e 14.97 ± 1.41e 1.23 ± 0.09e 1.27 ± 0.09e
18. DMBA + PDME (300 mg/kg bwt) 1.75 ± 0.15fa 3.01 ± 0.26fa 1.21 ± 0.17f 77.01 ± 7.58f 21.59 ± 1.91f 1.97 ± 0.14f 1.57 ± 0.11f
19. PDEAE (100 mg/kg bwt) 1.17 ± 0.14a 3.21 ± 0.29a 1.55 ± 0.11a 88.65 ± 8.41a 24.38 ± 2.3a 2.98 ± 0.18a 1.76 ± 0.16a
20. PDEAE (200 mg/kg bwt) 1.25 ± 0.1a 3.42 ± 0.28a 1.45 ± 0.17a 89.33 ± 9.41a 25.05 ± 2.8a 2.85 ± 0.28a 1.81 ± 0.09a
21. PDEAE (300 mg/kg bwt) 1.25 ± 0.12a 3.47 ± 0.34a 1.47 ± 0.1a 87.58 ± 9.52a 24.89 ± 2.39a 2.95 ± 0.27a 1.80 ± 0.19a
22. PDME (100 mg/kg bwt) 1.39 ± 0.13a 3.45 ± 0.3a 1.49 ± 0.17a 87.91 ± 9.18a 24.09 ± 2.18a 2.91 ± 0.18a 1.75 ± 0.14a
23. PDME (200 mg/kg bwt) 1.35 ± 0.11a 3.37 ± 0.34a 1.51 ± 0.15a 88.31 ± 8.3a 25.02 ± 2.54a 2.86 ± 0.25a 1.73 ± 0.12a
24. PDME (300 mg/kg bwt) 1.21 ± 0.1a 3.49 ± 0.37a 1.53 ± 0.14a 88.58 ± 8.74a 24.73 ± 2.65a 2.93 ± 0.31a 1.82 ± 0.21a
Values are expressed as mean ± SD for six animals in each group. Values that do not share a common superscript differ signiﬁcantly at a p-value of <0.05 (DMRT). U* = Enzyme
concentration required to inhibit the chromogen produced by 50% in 1 min under standard condition, U** = micromoles of H2O2 consumed per minute, U*** = micrograms of
GSH  utilized per minute.
Table 4
Effect of PDEAE and PDME on erythrocyte TBARS level and antioxidant status in erythrocyte lysate of control and experimental animals.
S. no Groups TBARS
pmol/mg Hb
SOD
U*/mg  Hb
CAT
U**/mg Hb
GPX
U***/mg Hb
1. Control 1.25 ± 0.12a 2.8 ± 0.17a 1.53 ± 0.14a 22.65 ± 2.32a
2. DMBA alone 4.56 ± 0.42b 0.62 ± 0.04b 0.45 ± 0.03b 6.52 ± 0.41b
3. DMBA + PDEAE (100 mg/kg bwt) 3.97 ± 0.32c 1.05 ± 0.08c 0.61 ± 0.07c 9.64 ± 0.66c
4. DMBA + PDEAE (200 mg/kg bwt) 3.59 ± 0.23d 1.28 ± 0.13d 0.81 ± 0.06d 12.97 ± 0.86de
5. DMBA + PDEAE (300 mg/kg bwt) 3.10 ± 0.39e 1.53 ± 0.14e 0.95 ± 0.09e 14.46 ± 1.22ed
6. DMBA + PDME (100 mg/kg bwt) 3.48 ± 0.27d 1.27 ± 0.11d 0.79 ± 0.07d 11.39 ± 1.08dc
7. DMBA + PDME (200 mg/kg bwt) 3.05 ± 0.34e 1.49 ± 0.11e 0.96 ± 0.08e 15.93 ± 1.41e
8. DMBA + PDME (300 mg/kg bwt) 2.06 ± 0.15f 2.13 ± 0.18f 1.19 ± 0.12f 19.75 ± 1.98fa
9. PDEAE (100 mg/kg bwt) 1.05 ± 0.07a 2.63 ± 0.25a 1.51 ± 0.14a 22.39 ± 2.1a
10. PDEAE (200 mg/kg bwt) 0.950 ± 0.14a 2.65 ± 0.27a 1.52 ± 0.17a 21.51 ± 1.8a
11. PDEAE (300 mg/kg bwt) 1.16 ± 0.09a 2.73 ± 0.24a 1.45 ± 0.14a 22.19 ± 2.32a
12. PDME (100 mg/kg bwt) 1.09 ± 0.08a 2.69 ± 0.16a 1.39 ± 0.1a 22.11 ± 1.7a
13. PDME (200 mg/kg bwt) 1.17 ± 0.14a 2.6 ± 0.26a 1.49 ± 0.14a 22.53 ± 1.9a
14. PDME (300 mg/kg bwt) 1.19 ± 0.07a 2.65 ± 0.25a 1.52 ± 0.17a 22.49 ± 2.32a
Values are expressed as mean ± SD for six animals in each group. Values that do not share a common superscript differ signiﬁcantly at a p-value of <0.05 (DMRT). U* = Enzyme
concentration required to inhibit the chromogen produced by 50% in 1 min under standard condition, U** = micromoles of H2O2 consumed per minute, U*** = micrograms of
GSH  utilized per minute.
Table 5
Effect of PDEAE and PDME on buccal mucosa TBARS levels and antioxidant status in control and experimental animals.
S. no Groups TBARS
nmol/100 mg  Ptn
SOD
U*/mg  Ptn
CAT
U**/mg Ptn
GPX
U***/mg  Ptn
GSH
mg/100 g tissue
1. Control 58.63 ± 4.2a 7.5 ± 0.64a 32.65 ± 1.95a 9.73 ± 0.83a 5.39 ± 0.53a
2. DMBA alone 15.26 ± 1.43b 2.3 ± 0.21b 5.87 ± 0.33b 28.56 ± 1.68b 21.65 ± 2.25b
3. DMBA + PDEAE (100 mg/kg bwt) 21.71 ± 1.99c 3.05 ± 0.19c 10.19 ± 0.61c 25.02 ± 2.56c 19.86 ± 0.83c
4. DMBA + PDEAE (200 mg/kg bwt) 28.19 ± 2.43d 4.53 ± 0.46d 20.52 ± 2.24d 22.19 ± 2.32d 13.21 ± 0.71d
5. DMBA + PDEAE (300 mg/kg bwt) 33.51 ± 3.48ed 3.85 ± 0.27e 14.23 ± 0.75e 19.34 ± 2.32e 16.83 ± 1.49e
6. DMBA + PDME (100 mg/kg bwt) 30.08 ± 2.57de 3.71 ± 0.38d 16.59 ± 1.32d 21.17 ± 2.05d 17.31 ± 1.52d
7. DMBA + PDME (200 mg/kg bwt) 34.15 ± 3.05e 4.65 ± 0.48e 20.13 ± 1.97e 18.39 ± 0.83e 14.21 ± 1.34e
8. DMBA + PDME (300 mg/kg bwt) 51.63 ± 5.91fa 5.35 ± 0.53f 28.17 ± 3.02fa 10.68 ± 1.46a 6.81 ± 0.69f
9. PDEAE (100 mg/kg bwt) 56.52 ± 5.31a 7.2 ± 0.66a 31.96 ± 3.65a 9.43 ± 0.92a 5.06 ± 0.38a
10. PDEAE (200 mg/kg bwt) 56.79 ± 3.98a 7.15 ± 0.78a 32.63 ± 2.77a 9.21 ± 0.94a 4.89 ± 0.48a
11. PDEAE (300 mg/kg bwt) 58.38 ± 5.86a 7.45 ± 0.76a 31.05 ± 3.21a 8.95 ± 0.81a 5.21 ± 0.56a
12. PDME (100 mg/kg bwt) 55.71 ± 5.75a 7.15 ± 0.65a 30.91 ± 2.32a 8.76 ± 0.76a 5.17 ± 0.51a
13. PDME (200 mg/kg bwt) 56.28 ± 6.08a 7.38 ± 0.66a 31.75 ± 3.87a 9.53 ± 1.02a 5.26 ± 0.56a
14. PDME (300 mg/kg bwt) 58.05 ± 5.64a 7.38 ± 0.72a 32.51 ± 3.43a 9.61 ± 1.05a 5.23 ± 0.52a
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. daemia causes the reduction of the Fe3+/ferric cyanide complex
o its ferrous form [31]. Furthermore, our data also suggest that
he methanolic extract showed a higher radical-scavenging activity
han the ethyl acetate extract.
DMBA is a potent laboratory carcinogen known to produce
oxic and highly diffusible ROS, which are capable of produc-
ng deleterious effects due to the presence of their thiol epoxide
32]. The present study reported decreased bwt in DMBA-treated
amsters. Free radical-induced lipid peroxidation by DMBA is
n oxidative process associated with the destruction of mem-
rane lipids, leading to alterations in cell membrane function and
tructural organizations. However, ROS generation and lipid per-
xidation induce cancer and affect normal biochemical process,
urther reducing the bwt [33].
Administration of PDEAE and PDME at a dose of 300 mg/kg bwt
igniﬁcantly decreased the incidence, volume, and burden of the
umor compared to the other two doses (100 and 200 mg/kg bwt).
s initiation of carcinogenesis involves irreversible alteration of the
enome, PDEAE and PDME extend the tumor latency period by act-
ng as inhibitors of events in the promotion and progression stages
f carcinogenesis, which is mediated via their antioxidant proper-
ies including their electrophile-scavenging and electron-donating
apacities.
A major target of ROS is the cell membrane, due to its high
ontent of polyunsaturated fatty acids. ROS-mediated lipid perox-
dation causes damage to cellular DNA and membrane structure,
unctional inhibition of several enzymes, and alterations in the
mmune system [34]. Antioxidants (enzymatic and nonenzymatic)
lay a vital role in scavenging ROS and protecting the cells from
xidative damage. SOD, CAT, and GPx are important antioxidant
nzymes that protect cells and tissues from enhanced lipid per-
xidation by eliminating ROS. Antioxidant enzymes are present in
lmost all living organisms, which break down the harmful oxy-
en molecules and thereby prevent damage to cells and tissues.
nder cancerous conditions, these enzymes are produced at ele-
ated levels to manage the oxygen demand, leading to decreased
evels of antioxidants in cancer cells. Elevated lipid peroxidation
nd poor antioxidant systems have been reported in patients with
ral cancer. Recent studies have suggested that a lack of antiox-
dant defense is responsible for the elevated lipid peroxidation
n erythrocytes [35]. GSH and GPx play a crucial role in protect-
ng membrane proteins; GSH, in particular, plays a vital role in
he maintenance of membrane integrity, transport of amino acids,
nzyme activity, and detoxiﬁcation of biological systems of xeno-
iotics and free radicals. GSH has been documented to exhibit
egulatory effects in cellular proliferation [36]. Recent studies have
hown decreased levels of nonenzymatic antioxidants in cases of
ancer, because of the increased uptake of enzymes by cells to sal-
age the lipid peroxides [37]. Our current investigation also showed
 diminished nonenzymatic antioxidant status in DMBA-treated
amsters.
Oral administration of PDEAE and PDME to DMBA-treated
amsters signiﬁcantly protected the status of antioxidants and
ipid peroxidation by-products, which indicates the potent
hemopreventive potential of these extracts during neoplastic
ransformation. Naturally medicinal plants are effective antiox-
dants due to their polyphenolic compositions. A recent study
lso described the chemopreventive effect of Phyllanthus emblica
n experimental oral carcinogenesis [38]. Thus, the chemopre-
entive effect of the plant extracts is indicative of the presence
f polyphenols in both ethyl acetate and methanolic extracts of
. daemia. Several medicinally important compounds have been
dentiﬁed and isolated from this plant, including alpha- and beta-
myrin, kaempferol, and glycosides [39]. These compounds have a
igher antioxidant potential due to their electron-donating activ-
ty. Although the individual components were not quantiﬁed and
[nce International 13 (2016) 24–31
characterized, this preliminary study lends support to the chemo-
protective nature of whole plant extracts of P. daemia based on
speciﬁc biochemical markers. Due to the presence of antioxidant
molecules, lack of toxicity, and ubiquitous distribution in nature, P.
daemia in the form of whole plant extracts may  be regarded as a
valuable plant source for preventing or slowing the progress of oral
cancer.
5. Conclusion
The results of the present study suggest that the whole plant
extract of P. daemia has an inhibitory effect on DMBA-induced buc-
cal pouch carcinogenesis in hamsters by the modulation of lipid
peroxidation and enhancement of antioxidant status. Among the
three doses of both extracts (PDEAE and PDME) of P. daemia used
in this study, the higher dose was  more effective. Moreover, the
methanolic extract showed a signiﬁcant chemomodulatory effect
compared with the ethyl acetate extract, which conﬁrmed the pre-
dominance of ﬂavonoids in the methanolic extract. Thus, it could be
concluded that the whole plant extract of P. daemia is an effective
chemopreventive agent in the treatment of various malignancies.
Further studies are needed to isolate and characterize the bioactive
compounds from this plant.
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